Abstract We conducted this study to examine life-course body size and physical activity in relation to total and cause-specific mortality, which has not previously been studied in the low and middle-income countries in Asia. The Golestan Cohort Study is a population-based cohort in northeastern Iran in which 50,045 people above the age of 40 have been followed since 2004. Participants were shown a validated pictogram to assess body size at ages 15, 30, and the time of recruitment. Information on occupational physical activity at these ages was also collected. Subjects were followed up annually, and cause of death was determined. Cox regression models were adjusted for age at cohort start, smoking, socioeconomic status, ethnicity, place of residence, education, and opium use. Models for body size were also adjusted for physical activity at the same age, and vice versa. During a total of 252,740 personyears of follow-up (mean follow-up duration 5.1 ± 1.3 years) through December 2011, 2,529 of the cohort participants died. Larger body sizes at ages 15 or 30 in both sexes were associated with increased overall mortality. Cancer mortality was more strongly associated with adolescent obesity, and cardiovascular mortality with early adulthood body size. Weight gain between these ages was associated with cardiovascular mortality. Obese adolescents who lost weight still had increased mortality from all medical causes in both sexes. Physical activity during adolescence and early adulthood had no association with mortality, but at cohort baseline higher levels of activity were associated with reduced mortality. Mortality in this Middle-Eastern population was associated with obesity both during adolescence and early adult life.
Introduction
While the rising trend in the prevalence of obesity seems to have reached a plateau in the US [1] and some European countries [2] , many low-and middle-income countries in Africa and Asia are still experiencing increasing rates of this condition, especially among children and adolescents [2] . In the year 2010, almost 43 million preschool children around the world were obese, and almost 80 % of them lived in low-and middle-income countries [3] . Obesity and lack of physical activity are growing health problems in the Middle East, and in some countries around 30 % of children and adolescents, especially girls, have been reported to be overweight or obese [4] .
Childhood obesity can impact both childhood and adult health [5] , and it is not clear whether its effect on adult morbidity and mortality is due to the higher rate of adult obesity among obese and inactive children or whether it has effects independent of adult body size [6] . Most of the evidence on the effect of obesity on mortality, cardiovascular disease and cancer come from studies in Western populations [7, 8] . Studies from Asian populations have shown a relationship between obesity and all-cause [9, 10] or cancer [11] mortality, along with increases in mortality among the underweight, which was more pronounced in India and Bangladesh [9] . These Asian studies have not included populations from the Middle East, and have not reported data on the health effects of body size in adolescence or early adult life. A recent systematic review showed that although there is considerable evidence for the long-term health effects of childhood and adolescent obesity, there is a paucity of such evidence from low-or middle-income countries [12] . There is a close relationship between the individual's body size and level of activity [13] . The effect of physical activity on mortality has also been shown in several studies, yet there is not enough information about the effects of life-course activity on adult morbidity and mortality [14] , especially in low-and middle-income countries. While some investigators have shown long-term effects of physical activity during early life on mortality and health outcomes [15] , others believe that this effect fades after the age of 40 [14] .
The Golestan Cohort Study has collected detailed information on lifetime exposures in a large group of the general population of Golestan Province, in northeastern Iran. In Iran, about 10 % of adolescents have the metabolic syndrome [16] , 23 % are overweight or obese and 18 % engage in low levels of physical activity [17] . In a previous publication from this study, we showed that adolescent and early adulthood obesity were associated with the risk of diabetes in adulthood [18] . In the current paper, we examine life-course body size and physical activity, in relation to total and cause-specific mortality in this large cohort.
Methods
The design of the Golestan Cohort Study (GCS) has been published before [19] . This study is a population-based cohort in northeastern Iran which has followed 50,045 people above the age of 40 since 2004. A total of 16,599 urban inhabitants older than 40 years were selected randomly from five areas of Gonbad City by systematic clustering based on household number, and 10,032 urban participants were enrolled, with participation rates of 70 % for women and 50 % for men. In rural areas, recruitment took advantage of the network of health houses, primary health care centers present in each group of villages. A total of 40,013 participants were enrolled from 326 villages, with participation rates of 84 % for women and 70 % for men. At cohort recruitment, between the years 2004 and 2008, all participants were interviewed by trained cohort staff and underwent blood pressure and anthropometric measurements. Individuals were weighed in light clothes using a standard scale. Height was measured in the full upright position, without shoes, and waist circumference was measured by a standard tape at the level of the umbilicus. BMI was calculated as weight in kilograms divided by squared height in meters. We asked about weight loss in the past year, its amount, and if it had been intentional (e.g. by diet or exercise).
The questionnaire contained detailed questions about lifetime exposures and habits. These included education, history of diseases, smoking, opium and alcohol use, and socioeconomic status. Education was defined based on the number of years spent in formal education (none, up to 8 years which is junior high school, high school, and university level). Questions about tobacco smoking, opiate use, and alcohol consumption included ever use (at least once a week for more than 6 months) and all dates of starting and quitting. Smoking pack-years were calculated using the data on the amount of smoking and durations, and smokers were classified based on quartiles of the calculated pack-years. To estimate the socioeconomic status, as described before [20] , a composite wealth score was made using multiple correspondence analysis (MCA), based on house ownership, house size (tertiles), having a bath in the residence, and owning each of these: personal car, motorbike, television sets, refrigerator, freezer, personal computer, vacuum cleaner and washing machine. Quartiles of this wealth score were used to classify the socioeconomic status into low, middle-low, middle-high and high.
Because most people in our study population were illiterate, and lacked access to scales over most of their lives, we showed each person a validated set of pictograms [21] (Fig. 1 ) to report body size at ages 15, 30, and at the time of interview (cohort baseline). The pictures ranged from very thin (underweight) to very obese and had 7 images for men and 9 for women. We compared the pictograms at cohort baseline with the simultaneous BMI and waist circumference measurement ( Table 1) . The pictograms showed very good correlation with both BMI (Spearman correlation coefficient = 0.68 in women and 0.71 in men, p \ 0.0001), and waist circumference (Spearman correlation coefficient = 0.65 in women and 0.69 in men, p \ 0.0001). In both sexes, based on median BMI's, pictogram 1 was defined as underweight, 2 and 3 as normal, 4 and 5 as overweight, and above 5 as obese. The last two pictograms in each sex were combined due to the relatively small number of individuals in each. Adolescent body size was defined as the picture chosen for age 15, early adulthood body size as the picture chosen for age 30, and body size at cohort baseline as the pictogram chosen by the participant at cohort recruitment. In total, 39 individuals could not identify their body size at age 15, and additionally 3 and 9 could not do so for ages 30 and at cohort baseline; these people were excluded from the corresponding analyses. Participants reported their level of physical activity at work during different periods of life on a scale from 1 to 4. Level 1 was defined as sedentary work, mostly done while sitting (e.g. driving). Level 2 involved standing or occasional walking (e.g. teaching). Level 3 activities were mainly indoor activities causing mild increase in heart rate and sweating (e.g. house keeping). Level 4 activities were those causing significant elevation in heart rate and sweating, and were usually performed outdoors (e.g. farming). All work activities from childhood to cohort baseline and their start and end dates were recorded. Adolescent work activity was defined as the level of activity with the longest duration before the age of 18. Work activity level in early adulthood and at cohort baseline were defined as the level of activity with the longest duration between the ages of 18 and 30 and after age 30, respectively. If two or more activity levels had the same duration in any of these periods, the one with higher intensity was considered as the level of activity for that period. At cohort baseline, physical activity during leisure time was also recorded in the form of number of minutes per day spent in light (e.g. walking), moderate (e.g. playing volleyball), and vigorous (e.g. running) activities. Only 121 and 28 people reported doing moderate and vigorous leisure-time activities, respectively, so these variables were not included in the analyses. Average daily duration of light activity for each person was categorized into 30-min intervals.
The Golestan Cohort Study was approved by the Institutional Review Boards of the Digestive Disease Research Center (DDRC), the US National Cancer Institute (NCI), and the International Agency for Research on Cancer (IARC), and all participants gave written informed consent before enrollment.
Cause of death ascertainment
Details of the Golestan Cohort Study follow-up procedures have been published before [22] . Annual follow-up has had a 99 % success rate so far. Any reported death is followed by a visit from a physician who completes a verbal autopsy questionnaire, validated for this population [22] , by interviewing the closest relative of the deceased. At the same time, death certificates and all available medical documents are collected. Two internists independently review all documents, including the verbal autopsy information and medical records, and determine the cause of death. The cause of death is classified according to the international classification of diseases, 10th revision (ICD-10) codes. In case of disagreement between the two internists, all documents and the two initial diagnoses are reviewed by a third more experienced internist who makes the final diagnosis. If a final diagnosis cannot be made, the cause of death is classified as ''unknown''. For this analysis, causes of death were categorized as medical or external (i.e. accidents, intoxication, suicide or other types of injury). The most common medical causes of death were cardiovascular disease (including ischemic heart disease (ICD-10 codes I20-I25), cerebrovascular disease (I60-I69), and other diseases of the circulatory system), and cancer (ICD-10 codes C00-C97). Follow-up continued until the subject was lost to follow-up, death occurred, or the first of January 2012, whichever came first.
Statistical analysis
We used Cox proportional hazards models, with age as the time variable, to estimate unadjusted and adjusted hazard ratios and 95 % confidence intervals for total and causespecific mortality in relation to body size and occupational physical activity at different periods of life. Since men and women reported their body size in different scales, all the analyses were stratified by sex. Participants were leftcensored at the age of enrollment, and all models (crude or adjusted) were adjusted for age at cohort baseline. The adjusted models also included potential confounders (ethnicity, place of residence (urban or rural), education, quartiles of smoking in pack-years, opium use, and socioeconomic status. These variables were selected because they have been shown to affect mortality in general, or in this population [23] . Models for body size were also adjusted for physical activity at the same age, and vice versa. We originally included number of pregnancies for women in the model, but since it made no change in the estimates, we decided to exclude it. We also tested an interaction term for body size and smoking in the models, but since this did not show a significant result in any of the models, we did not include it in the final models, and only used the main effects.
Because body size and physical activity at cohort enrollment could have been affected by diseases present at baseline, all models including these variables were adjusted for unintentional weight loss during the year before recruitment. Two kinds of sensitivity analyses were also done when analyzing these variables: excluding deaths during the first year after the study start, and excluding individuals having a history of chronic medical conditions (i.e. ischemic heart disease, heart failure, cerebrovascular disease, hypertension, diabetes mellitus, chronic pulmonary disease, and cancer) at cohort baseline. Because smoking may reduce body weight, we repeated all the analyses involving body size at cohort baseline for lifetime non-smokers, and all the analyses involving body size at age 30 for those who did not smoke at or before this age (i.e. non-smokers and smokers who started after 30). Lifetime obesity and mortality 99 
Results
Out of 50,006 people who had valid recall of their adolescent body size, 10,428 (20.9 %) were underweight, and 6,838 (13.7 %) were obese (pictograms above 5) at the age of 15. Baseline characteristics of these groups are summarized in Table 2 . During a total of 252,740 person-years of follow-up (mean follow-up duration 5.1 ± 1.3 years) through December 2011, 2,529 of the cohort participants died. Mean age at death was 63.2 ± 9.8 years. The most common causes of death was cardiovascular disease (n = 1,318, 52.1 %), followed by cancer (n = 543, 21.5 %). In 168 cases (6.7 %) the cause of death was external, and in 53 (2.1 %) it was unknown. The most common cardiovascular causes of death were ischemic heart disease (n = 747, 56.7 %) and cerebrovascular disease (n = 405, 30.7 %) which together accounted for 87.4 % of the cardiovascular mortality.
In the fully-adjusted models, there were significant associations between each level of increase in adolescent or early adult body size and overall mortality in both sexes (p for trend \ 0.001) (Tables 3, 4) . The highest pictogram score during adolescence was associated with increased overall mortality in both women (HR = 1.58; 95 % CI: 1.26-1.96) and men (HR = 1.36; 95 % CI: 1.11-1.66), compared with the normal pictogram. At age 30, similar associations were observed with overall mortality (HR = 1.44; 95 % CI: 1.10-1.90 for women and HR = 1.46; 95 % CI: 1.16-1.82 for men). At cohort recruitment, being overweight (but not obese) was associated with reduced mortality in both sexes, which did not change after adjusting for unintentional weight loss in the year before cohort baseline. Unintentional weight loss itself was associated with increased mortality in women (HR = 1.40; 95 % CI: 1.20-1.63), and to a lesser extent, in men (HR = 1.15; 95 % CI: 0.99-1.33).
Excluding external causes of death only caused slight increases in some of the associations described above (Supplementary Table 1 ). The patterns of the association between body size and cause-specific mortality were different for cardiovascular disease and cancer (Figs. 2, 3) . Cancer mortality was more strongly associated with adolescent obesity, and cardiovascular mortality with early adulthood body size (Supplementary Table 1 ). In both men and women, being overweight at cohort baseline was associated with reduced risk of cancer mortality. In addition, in men, being obese at cohort baseline was associated with a higher risk of cardiovascular mortality and a reduced risk of cancer mortality (Supplementary Table 1 ). In men, underweight at all ages was also associated with increased cardiovascular mortality. Since some of the associations at age 30 and cohort baseline may be confounded by smoking, we repeated the analyses in people who did not smoke at or before those ages (Supplementary Table 2 ). Most of the changes were seen only in men; underweight was no longer associated with cardiovascular mortality, and the reduced cancer mortality among obese and overweight men was attenuated and was not significant anymore. Table 5 shows the effect of weight change on mortality due to medical causes. As the table shows, people who had been obese at either adolescence or early adulthood, including obese adolescents who lost weight, had increased mortality due to all medical causes. Cardiovascular mortality was particularly associated with weight gain between ages 15 and 30 in both sexes. Cancer mortality was still Cancer mortality and mortality among women were unaffected by restriction to non-smokers. During adolescence and early adulthood, physical activity had no significant association with adult mortality rates (Tables 3, 4). Overall mortality was higher in individuals who were less active at cohort base in both women (HR = 0.86 for each level of increase in activity level; p = 0.005), and men (HR = 0.89 for each level of increase in activity level; p \ 0.001). In men, the duration of light leisure activity at cohort baseline was significantly associated with reduced mortality (HR = 0.93; 95 % CI: 0.91-0.96 for each 30-min increase in daily leisure activity), while in women there was no association between leisure activity and mortality.
Supplementary Table 3 shows the results of sensitivity analyses for models involving body size and activity at cohort baseline. Since these associations can potentially be due to reverse causation, we reexamined these excluding deaths during the first year of follow-up, and excluding deaths among those with a diagnosis of chronic diseases at baseline. These analyses showed similar mortality reduction in overweight individuals and mortality increase in less active people.
Discussion
In this study we showed an increased mortality rate among people who were obese as adolescents and young adults. Cancer mortality was especially affected by adolescent obesity, while weight gain during early adult life seemed more important for cardiovascular mortality. We observed little effect for physical activity at work in this study, except for less favorable outcomes for people who were sedentary after the age of 40 (cohort baseline).
While some investigators believe that the effect of adolescent obesity on mortality is mediated through this continued trend during adult life, others have shown an independent effect [12] . There are only a few studies on mortality reporting body size at more than one time point since an early age, and most of them, similar to what we found, show some independent effect of adolescent obesity, particularly on non-cardiovascular mortality [24] . In the Norwegian health survey, Engeland et al. [25] observed increased mortality associated with adolescent obesity, which persisted in women after adjusting for adult BMI.
Obesity has been shown to increase the risk of cancer in several organs, including the adenocarcinoma of esophagus, thyroid, colon, kidney, and post-menopausal breast [26] . Our group has previously shown an independent association between adolescent body size and the increased risk of esophageal squamous cell carcinoma, the most common cause of cancer mortality in this population, which was present even in those who lost weight between age 15 and 30 [27] . Most previous studies on the effect of childhood obesity on mortality have either not reported cancer mortality or have had too few cancer deaths for accurate estimates [12] . However, those which did have large enough sample sizes showed increased risk of adult cancer death in obese children [24, 28] . The relationship between obesity and cancer may be mediated through insulin resistance, increased insulin-like growth factor-1 (IGF-1) secretion and/or growth hormone resistance in the liver [29] . Both IGF-1 and insulin promote cell proliferation and inhibit apoptosis. This mechanism might be relevant for childhood and adolescent obesity, as body fatness in adolescents has been shown to increase the risk of diabetes in adulthood in our population [18] and in the Nurses' Health Study [30] . The accumulation of white adipose tissue (WAT) may be another way in which obesity can affect cancer. In a new line of research, animal studies have shown that WAT-derived adipose stromal cells (ASC) can be recruited by tumors and serve as adipocyte progenitors which promote tumor growth [31] . As a result of the expansion of the adipose tissue in obesity, the number of WAT-derived ASCs increases in obese individuals [32] . This process seems to be independent of the concurrent fat content of the animal's diet [31] , and we hypothesize that this mechanism may be relevant to the effects of adolescence obesity on mortality, since WAT expansion can occur over a more extended period of time.
Although several studies have shown increased risk of cardiovascular mortality and morbidity in obese children [12] , a systematic review found little evidence that the effect of childhood obesity was independent of the effect of adult obesity [33] . Insulin resistance is again one of the main players, and the accompanying dyslipidemia, hypertension and vascular changes, which may not be noticed clinically during childhood, can lead to later morbidity and mortality [34] . Childhood obesity can increase carotid artery intimal thickness (a marker for atherosclerosis), and the cumulative effect of childhood obesity continued into adulthood can further contribute to this effect [35] . Our results, showing a prominent effect for early adulthood obesity on later cardiovascular mortality, and the significant effect of weight gain after adolescence on this risk, seem to support these findings in the setting of Iran, as a middle-income country in the Middle East. We also observed a higher rate of hypertension and diabetes in the adults who reported being obese as adolescents. Adolescent obesity has been projected to increase the rate of obesity among adults by 30-37 % in men and 34-44 % in women, this has been estimated to increase both the incidence and mortality of coronary heart disease among young adults [36] .
In this population about 14 % of the participants reported being obese as adolescents, but the effect of adolescent body size was not limited to those in the extreme categories; rather there was a significant increasing trend for mortality for each level of increase in body size. Previous studies have also shown a linear association between adolescenct obesity and mortality [6] and cancer incidence [37] , even in BMI ranges not usually classified as overweight or obese [38] . These results may have important implications for prevention, i.e. preventive strategies must not only focus on overweight and obese children, but rather should encourage weight management strategies such as a healthy diet and physical activity for all children and adolescents.
The effect of physical activity on mortality has been studied before, and many studies seem to show a protective effect, which may be independent [39] or may be mediated through weight loss [13] . Physical activity during childhood and adolescence seems to play a modest role in adult disease, and this effect seems to be short lasting and disappear after some time [40] . In the Finnish Twin Cohort Study [15] , co-twins with less physical activity had increased adult mortality, but the effect was only seen in dizygotic (and not monozygotic) twins, and so the authors could not exclude residual genetic confounding. Longitudinal studies such as the Oslo Youth Study [14] , and The Amsterdam Growth and Health Longitudinal Study [41] have found no evidence for a beneficial effect of physical activity during adolescence beyond the age of 40. We also did not find a consistent relationship between earlier occupational activity and adult mortality in this population, although we did show that people who were active after the age of 40 had lower mortality. The effects of baseline leisure activity on mortality were not different from those of occupational physical activity. These findings support a modest independent protective effect of physical activity during late adult life on mortality.
Previous studies have shown a possible protective effect of being overweight in higher ages [42] . This may be due to confounding by preexisting diseases or smoking, which can both reduce body weight and increase mortality [43] . Our analyses showed that these findings persisted after excluding death during the first year, and after excluding people with any chronic condition that might lead to such confounding. Yet among non-smokers, the protective effect of being overweight at cohort baseline attenuated, and the increased cardiovascular mortality seen among underweight men was not significant. In their study of a large group of young Swedish men, Neovius et al. [44] observed that the effect of smoking and obesity during late adolescence on subsequent mortality was not synergistic, although each was associated with an independent risk. They also reported that in non-smokers, unlike smokers, even being extremely underweight was not associated with increased mortality. In contrast, the Asian Cohort Consortium reported significantly increased mortality among the underweight, even in non-smokers [9] . It should be noted, however, that we had a different pattern of causespecific mortality than that in the Asian Cohort Consortium, where non-cancer mortality was the second cause of death (after cardiovascular disease), and the causes of such mortality, including infections, may be directly associated with malnutrition and decreased immunocompetence.
There is considerable controversy about the definition of childhood and adolescent obesity in different populations [5] , and there are only a few studies with data available on lifetime anthropometric measurements. Instead, most studies rely on the recall of body sizes, which may be biased, especially towards underreporting [45] . The pictogram is a useful method to assess body fatness during early life, and has been previously used in several large studies [46] . We showed that this method is consistent with the simultaneous measurements of BMI and waist circumference, and thus may prove valuable, particularly in similar settings where there are no recorded anthropometric measurements. Our experience shows that this method may actually be more useful than some methods recalling prior weight, particularly when the study population's average level of education is limited, as it relies on visual rather than numeric memory of body size. The results of our pictogram analyses were consistent with both our previous understanding of adolescence obesity [18, 27] , and the previous findings using the same visual method [30] .
One of the advantages of this study was the availability of detailed information on many confounders. Both mortality and life-course body change have been shown to correlate with socioeconomic status [47] , although there have been few similar studies which could adjust for such factors. We were also able to adjust for the cumulative amount of smoking throughout life, and tailor analyses according to the age when smoking started, because of the detailed information available on this important confounder. Also, to the best of our knowledge, this was the first study on the effect of life-course obesity on mortality which has included physical activity and its changes throughout life.
Like many similar studies, one of the limitations of our evaluation was that we had to rely on the recall of earlier body size and physical activity. While this may lead to some misclassification, it has been shown that this misclassification is usually non-differential, and lean and obese people probably show the same accuracy in remembering their childhood body size [48] . We had data on occupational activity level during earlier ages, and leisure activity was only assessed at cohort baseline. This limitation is unlikely to affect the results to a great extent, since in the lifestyle of this mainly rural population, most of the physical activity happens at work. This is reflected by the very small number of individuals engaging in moderate or vigorous leisure-time activity at cohort baseline. Left censoring of the mortality data is another limitation of our study, which may have weakened some of the associations because of their association with early mortality [42] . This may be particularly true for physical activity, whose effect has been shown to be time-dependent. On the other hand, by excluding death during younger ages, the impact of mortality due to genetic causes and structural abnormalities was reduced. In any case, our results are most relevant for people who have survived to reach 40 (our cohort's minimum enrollment age).
This study showed that adolescent and early adult obesity is associated with increased overall mortality, and mortality due to cardiovascular disease and cancer in this Middle Eastern population. A great part of the increased mortality due to adolescent obesity may not be reversible in later years. These findings are relevant to public health professionals, educators, and policy makers, since it underscores the importance of life-course weight management. It seems that in this population there is not so much an association between underweight and mortality, unlike that observed in other Asian populations.
